Differential Replication of Ovine Lentivirus in Endothelial Cells Cultured from Different Tissues  by Craig, Linden E et al.
VIROLOGY 238, 316–326 (1997)
ARTICLE NO. VY978830
Differential Replication of Ovine Lentivirus in Endothelial Cells
Cultured from Different Tissues1
Linden E. Craig, Michele L. Nealen, John D. Strandberg, and M. Christine Zink2
Division of Comparative Medicine, Johns Hopkins University School of Medicine, Traylor G-60, 720 Rutland Avenue, Baltimore, Maryland 21205
Received June 11, 1997; returned to author for revision August 1, 1997; accepted September 9, 1997
Blood–brain barrier dysfunction has been postulated to be important in the pathogenesis of HIV dementia. This study
used an in vitro model of the blood–brain barrier to determine the effects of ovine lentivirus (OvLV) infection on endothelial
cells. The replication of two American OvLV isolates and two Icelandic OvLV isolates in pure cultures of endothelial cells
isolated from brain was compared to replication in endothelial cells from adipose, lung, and aorta. Inoculation with the two
American isolates resulted in 100 times greater reverse transcriptase (RT) activity in supernatant of the microvascular
endothelial cells (brain, lung, and adipose) than in the macrovascular endothelial cells (aorta). Conversely, inoculation with
the two Icelandic isolates resulted in 100 times higher RT activity in aortic, lung, and adipose endothelial cells than in the
brain endothelial cells. Transmission electron microscopy of the brain capillary endothelial cells infected with the American
isolates revealed polarized viral budding from the lateral cell membrane and a loss of tight junctions. Replication of OvLV
in brain capillary endothelial cells could play a role in the pathogenesis of lentiviral encephalitis by altering blood–brain
barrier integrity. q 1997 Academic Press
INTRODUCTION et al., 1989). The mechanism of viral entry into the brain
has not been definitively determined in any of the lentivi-
Ovine lentiviruses (OvLV) cause a chronic wasting dis-
ral encephalitides (Berger et al., 1996; Georgsson et al.,
ease in sheep characterized by pneumonia, arthritis,
1991), although several researchers have suggested that
mastitis, and encephalitis (Palsson, 1976; Narayan et al.,
infection of the endothelial cell may play a role (Moses
1988). The lesions are the result of viral replication in
and Nelson, 1994; Georgsson, 1994; Gyorkey et al., 1987).
tissue macrophages; OvLV does not replicate in lympho-
Endothelial cells form a selective barrier that regulates
cytes or cause immunosuppression (Gorrell et al., 1992).
inflammation, hemostasis, and exchange of various sub-
Although natural infection is widespread, clinical disease
stances between blood and tissue. Although they have
is uncommon and neurological disease is only rarely a
many characteristics in common, endothelial cells vary
component of the natural disease course (Sheffield et al.,
widely in permeability, adhesion molecule expression,
1980; Palsson, 1976). As in HIV and SIV, the neurological
and enzyme content in different parts of the body (Beilke,
lesions are the result of infection of cells of the monocyte-
1989; Page et al., 1992). In the brain, the endothelial
macrophage line (Cheng-Mayer et al., 1989; Sharpless
cells are the major component of the blood–brain barrier
et al., 1992), but because lymphocytes are not infected,
(BBB), a highly selective barrier that strictly regulatesthe confounding factors of immunosuppression and op-
exchange of nutrients, ions, inflammatory cells, pharma-portunistic infections are absent (Narayan et al., 1988).
cologic agents, and pathogens between the blood andIn order to develop a model of primary lentivirus en-
the brain (Farrell and Risau, 1994; Risau, 1991). The bar-cephalitis, OvLV strains of increased neurovirulence
rier function is maintained by the formation of tight junc-have been developed by serial intracerebral passage of
tions between cell processes, low numbers of pinocytoticfield isolates of both Icelandic (Andresson et al., 1993)
vesicles, lack of transcellular channels, and relatively lowand American (Craig et al., 1997a) viruses. These strains
expression of cell adhesion molecules (Anderson andhave been used to study the pathogenesis of lentivirus
van Itallie, 1995).encephalitis and the determinants of neurovirulence
The evidence for lentivirus infection of endothelial cells(Georgsson et al., 1991; Narayan et al., 1988; Petursson
has been conflicting. While some researchers have re-
ported no evidence of in vivo endothelial cell infection
by HIV (Gabuzda et al., 1986; Kure et al., 1990), others1 The nucleotide sequence data reported in this paper have been
submitted to the GenBank nucleotide sequence database and have have found evidence of viral replication in brain capillary
been assigned Accession Nos. AF000601 (93 virus) and AF000602 (155
endothelial cells (Wiley et al., 1986; Pumarola-Sune etvirus).
al., 1987; Gyorkey et al., 1987). There are also reports2 To whom correspondence and reprint requests should be ad-
dressed. Fax: (410) 955-9823. E-mail: mczink@welchlink.welch.jhu.edu. of blood–brain barrier dysfunction in patients with HIV
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dementia (Hurwitz et al., 1994; Petito and Cash, 1992). perinuclear staining with antibody to von Willebrand fac-
tor (vWF), electron microscopy characteristics, and lackIn vitro evidence of HIV replication in brain capillary en-
dothelial cells has also been conflicting with some of staining with antibodies to smooth muscle actin, glial
fibrillary acidic protein (GFAP), and cytokeratin. The puritygroups reporting productive infection (Moses and Nel-
son, 1994; Moses et al., 1993) and others reporting infec- of the cultures was greater than 99%.
tion without replication (Poland et al., 1995). There are
Viral strainsalso reports of in vivo OvLV replication in brain capillary
endothelial cells in Icelandic sheep inoculated with 1514 Four virus isolates were used. 93 virus was isolated
virus (Georgsson et al., 1989, 1991), in goats inoculated from macrophages in the synovial fluid from a yearling
with caprine arthritis-encephalitis virus (CAEV) (Zink et Border Leicester sheep with lentiviral arthritis. This virus
al., 1990), and in macaques with SIV encephalitis (Man- did not produce encephalitis when inoculated intrave-
kowski et al., 1994), but the effects of lentivirus replication nously or intracerebrally. 155 virus was isolated from
on cerebral capillary endothelial cells have not been re- the brain of a sheep with severe encephalitis after five
ported. intracerebral passages of 93 virus (Zink et al., 1991)
To determine whether there was differential suscepti- (Craig et al., 1997a). 1514 virus is an Icelandic strain
bility of sheep endothelial cells to OvLV, primary cultures derived by intracerebral passage and in vitro growth in
of sheep brain capillary endothelial cells were inoculated sheep choroid plexus cells (SCP) (Petursson et al., 1976).
with four different isolates of OvLV. One (93 virus) was It is considered to be a neurovirulent strain, but only
isolated from the joint of an American sheep without causes clinical neurological disease in 20% of Icelandic
encephalitis, another (155 virus) was obtained by serial sheep 5 years after intracerebral inoculation (Andresson
intracerebral passage of 93 virus through five sheep re- et al., 1994). 1772 virus is also an Icelandic strain se-
sulting in a virus which caused severe encephalitis (155 lected for increased neurovirulence by passage of 1514
virus) (Craig et al., 1997a). Two Icelandic strains (1514 virus (Torsteinsdottir et al., 1997). It causes clinical neuro-
and 1772 viruses) were also used that had been selected logical disease within 6 months in 50% of sheep inocu-
for neurovirulence by serial intracerebral and cell culture lated intracerebrally (Andresson et al., 1994). All four viral
passage (Petursson et al., 1976; Andresson et al., 1993). strains were titrated by the ability of limiting dilutions of
The ability of these strains of virus to replicate in brain viral stock to produce cytopathic effect (CPE) in goat
capillary endothelial cells was compared with replication synovial membrane (GSM) cells (Narayan et al., 1977).
in primary cultures of adipose capillary endothelial cells, Because the four strains varied in their ability to cause
lung capillary endothelial cells, and aortic endothelial CPE in GSM cells, reverse transcriptase (RT) assay was
cells. also used to measure virus.
MATERIALS AND METHODS Inoculation of EC
Cell culture Virus was added to subconfluent cultures of EC at a
multiplicitiy of infection (m.o.i.) of 0.1 (as determined byThe isolation, purification, and characterization of en-
TCID50 on GSM cells) and incubated for 6 h. The EC weredothelial cells (EC) from brain, adipose, and lung capillar-
then washed six times and the media was changed twoies, and from aorta of sheep have been previously de-
to three times per week thereafer. Supernatants werescribed (Craig et al., 1997b). The tissues were obtained
clarified by centrifugation, aliquoted, and frozen at 0807from a local slaughterhouse (brain) or from sheep eu-
for viral titration. When the cultures became confluentthanized in-house for unrelated experiments (adipose,
(every 10 to 14 days) they were trypsinized and split 1:2.lung, aorta). Capillaries were isolated by mincing and
Parallel cultures were grown on chamber slides (Nalgehomogenizing the desired tissue, passing it through a
Nunc) for immunocytochemistry and microporous mem-183-mm mesh (Tetko Inc., Elmsford, NY) to remove large
branes (Falcon cell culture inserts, Becton–Dickinson)vessels and a 53-mm mesh (Tetko) to trap capillaries.
for electron microscopy. At the end of each experiment,The capillaries were digested in collagenase/dispase
cytospins were made for in situ hybridization and cell(Boehringer Mannheim, Indianapolis, IN) to remove peri-
pellets were lysed for polymerase chain reaction (PCR).cytes and basement membrane and layered on density
gradients to separate EC. Aortic EC were obtained by
Reverse transcriptase assay
gentle swiping of a collagenase/dispase digested sec-
tion of aorta. Pure populations of EC were obtained by Because the virus strains varied in their ability to cause
CPE in GSM cells, RT activity was used as a cell cyto-fluorescence activated cell sorting (FACS), using uptake
of low density lipoprotein labeled with 1,1*-dioctadecyl- pathic effect-independent means of measuring replica-
tion in both GSM cells and EC. Supernatants were centri-3,3,3*,3*-tetramethylindocarbocyanine perchlorate (DiI-
Ac-LDL) to separate EC from contaminating cells. The fuged at 25,000 g for 1 h, the virus pellet resuspended
and lysed in 50 mM Tris–HCl (pH 8.3), 20 mM dithiothrei-EC were characterized by uptake of DiI-Ac-LDL, specific
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tol (DTT), and 0.25% Triton-X 100, and the sample incu- Detection of viral mRNA
bated at 377 for 2 h in 50 mM Tris–HCl (pH 7.9), 50 mM Full-length 1514 visna virus DNA was used as a probe
KCl, 5 mM MgCl2 , 0.05% Nonidet P-40 (Sigma), 0.33 A260 because previous studies showed cross-reactivity of this
units/ml of poly(rA)–poly(dT)12-18 (Boehringer Mannheim), probe with both Icelandic and American viruses (Craig
10 mM ethylene glycol-bis [b-aminoethyl ether]- et al., 1997a). The probe was cleaved from vector se-
N,N,N*,N*-tetraacetic acid (EGTA) (Sigma), and 0.5 mM quences with SstI resulting in an 8.6 kb fragment which
[3H]thymidine 5*-triphosphate (TTP) (Dupont NEN Prod- was separated from the vector by electrophoresis and
ucts, Boston, MA) (62 Ci/mmol). Samples were spotted purified by affinity chromatography (NACS Prepac,
onto ion exchange paper (Whatman International Ltd, Bethesda Research Laboratories, Bethesda, MD) and
England), the filters washed three times in 0.35 M ethanol precipitation. The DNA was radiolabeled by ran-
Na2HPO4 , rinsed briefly in distilled H2O, and washed dom priming with [35S]dCTP (Amersham Corp, Arlington
once in 95% ethanol. Radioactivity in the filters was mea- Heights, IL) using an oligolabeling kit (Pharmacia Bio-
sured in Omnifluor (Biotechnology Systems, Boston, MA) tech). The hybridization conditions have been previously
liquid scintillation counting solution with a Tri-Carb liquid described (Zink et al., 1990). GSM infected with 1514
scintillation analyzer (Packard, Downers Grove, IL). Be- virus and 1514-infected sheep tissues served as positive
cause of the difficulty of culturing large quantities of pri- controls. Uninfected GSM and mock-inoculated sheep
mary capillary EC, duplicate wells were not assayed for brain EC served as negative controls.
RT. Therefore, the assay was repeated using primary
Detection of viral proteincells from multiple sheep.
Infected and control EC were grown on chamber
slides, fixed in 100% ethanol, and stored at 0807 untilDetection of proviral DNA
immunostaining was performed. Nonspecific reactivity
Polymerase chain reaction (PCR) was performed on was blocked with 2% normal horse serum in phosphate-
cell pellets that had been lysed with Proteinase K (Boeh- buffered saline (PBS) and the slides were incubated for
ringer Mannheim) at 200 mg/ml overnight at 567. The 2 h at room temperature with the primary antibody (mono-
Proteinase K was inactivated by heating the sample to clonal anti-CAEV p27, courtesy of Dr. W.P. Cheever,
997 for 10 min. Primers (5*-CTTGGATCCATGACACAG- Washington State University) at 1:50 in the blocking anti-
CAAATGTAACCGC; 3*-ACGTTGTGGCCTCGCCTAGAC- body. After rinsing in PBS, the slides were incubated with
AGCTGCTC), complementary to bases 8989 to 9010 in the secondary antibody, biotinylated anti-mouse made in
the U3 region and 136 to 155 in the R region of the long horse (Vector Laboratories Inc., Burlingame, CA) at 1:200.
terminal repeat (LTR) of 1514 virus were used with 35 Immunostaining was amplified using the ABC method
cycles in a DNA thermocycler (OmniGene, Woodbridge, (Vector) as previously described (Sharma et al., 1992).
NJ) to amplify a 280 base pair segment. Ampliwax (Per-
Transmission electron microscopykin–Elmer–Cetus, Norwalk, CT) was used to separate
Transmission electron microscopy was performed tothe DNA template from the reaction components before
confirm budding of virus from EC and to identify ultra-cycling. Phase settings were 30 s each at 947, 557, and
structural changes associated with viral infection. Mono-727. A 10-ml vol of reaction product was electrophoresed
layers grown on microporous membranes (Falcon) wereon a 1.5% agarose gel (0.75% NuSieve GTG, FMC Biopro-
fixed days 10 and 22 postinfection (pi) in 2.5% glutaralde-ducts, Rockland, ME and 0.75% Ultrapure, Gibco), stained
hyde overnight at 47, postfixed in 1% osmium tetraoxidewith ethidium bromide, and examined for bands of the
for 2 h at room temperature, and dehydrated by sequen-appropriate size. Despite the sequence heterogeneity
tial immersion in graded ethanol solutions (Gray andamong OvLV reported here and elsewhere, LTR primers
Morris, 1991). The membrane was then removed from thehave been shown to be the most sensitive method for
insert and transferred to glass vials containing toluene.detecting OvLV proviral DNA (Rosati et al., 1995; Camp-
Gradually increasing amounts of araldite were mixedbell et al., 1993; Campbell and Avery, 1996).
with the toluene until the membranes were placed in
100% araldite. The embedded samples were cured over-Sequence analysis
night at 657. Sections were cut perpendicular to the
monolayer, mounted on copper grids, counterstainedSequencing of the PCR products obtained from the
with uranyl acetate and lead citrate, and examined usingsheep brain EC infected with 93, 155, 1514, and 1772
a Hitachi HU-12A transmission electron microscope.viruses was performed using a ThermoSequenase cycle
sequencing kit (Amersham, Cleveland, OH) with the RESULTS
same primers as used for PCR amplification. Sequence
Replication of OvLV in brain capillary endothelial cellsalignments were generated by the IBI Pustell sequence
analysis software (Eastman Kodak, Rochester, NY) with The 93 and 155 virus-infected cultures developed CPE
in the form of numerous large syncytia with disruption offurther adjustments performed manually.
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was repeated using brain EC isolated from five different
sheep with similar results. The American isolates consis-
tently replicated more efficiently in the brain EC than did
the Icelandic isolates.
Replication of OvLV in adipose endothelial cells
Adipose EC were inoculated with 93, 155, and 1514
virus. None of the three viruses caused syncytia or any
other CPE in the adipose EC. However, RT activity of
the supernatant revealed that all three viruses replicated
equally well (102 above background) (Fig. 2B). Similar
results were obtained with adipose EC isolated from two
different sheep.
Replication of OvLV in lung endothelial cells
The lung EC inoculated with 93, 155, and 1514 virus
formed numerous large syncytia beginning on day 3 pi.
RT activity of the supernatant revealed that all three vi-
ruses replicated equally well (over 102 above back-
ground) (Fig. 2C). Similar results were obtained with lung
EC isolated from two different sheep.
Replication of OvLV in aortic endothelial cells
There was no cytopathic effect noted in the aortic EC
inoculated with any of the four viruses. However, RT ac-
tivity of the supernatant revealed that the two Icelandic
viruses (1514 and 1772) replicated to significantly (ap-
proximately 40 times) higher levels than the American
viruses (93 and 155) which did not produce RT valuesFIG. 1. Phase contrast microscopy of brain endothelial cells infected
above background (Fig. 2D). Similar results were ob-with OvLV demonstrating numerous large syncytia in the monolayers
inoculated with American (155 virus) OvLV (A) and small rare syncytia tained with aortic EC isolated from two different sheep.
in the monolayer inoculated with Icelandic (1514 virus) OvLV (B). 1200.
Polymerase chain reaction and sequencing
PCR was performed to detect proviral DNA in the inoc-the monolayer after day 7 pi (Fig. 1A). Cultures infected
with 1514 and 1772 developed rare small syncytia days ulated EC. The 280-bp amplification product was de-
tected in EC infected with each of the inoculated viruses7 through 16 pi, but the EC maintained a solid monolayer
throughout the experiment (Fig. 1B). The control flask (Fig. 3), even those that did not show appreciable levels
of RT activity, viral mRNA, or viral antigen. These resultshad no syncytia and maintained a confluent monolayer
throughout the experiment. The RT activity of the Ameri- indicate that all of the viruses were able to enter the
cells and reverse transcribe their genome into proviralcan viruses was significantly (102) higher than that of the
Icelandic viruses, which had RT values comparable to DNA, but differed in their ability to replicate and express
viral antigens. Because sequences that control viral tran-background (Fig. 2A). On day 35 pi the EC inoculated
with 93 and 155 virus contained maximum syncytia and scription are within the LTR (Gabuzda et al., 1989; Shih
et al., 1992), this fragment was sequenced to determine ifimmunocytochemistry revealed that while most of these
syncytia were expressing viral antigen, there was no de- there were significant differences between the American
and Icelandic viruses.tectable antigen expression in the cells inoculated with
the Icelandic viruses (data not shown). On day 48 pi the The sequences of a 200-bp piece of the LTR of the
four viruses used in this study are shown in Fig. 4. Themonolayers inoculated with the American viruses were
only 25% confluent due to lysis of syncytia and in situ DNA was amplified from infected GSM cells and brain
EC, but the LTR sequences did not change after passagehybridization of cells revealed that approximately 25% of
the remaining cells inoculated with 93 and 155 virus were through EC in any of the four viruses studied. The se-
quences of the two American viruses were comparedpositive for viral mRNA, but the 1514 and 1772 virus-
inoculated flasks (which were confluent monolayers) had with previously published sequences of American (CU1-
OvLV, GenBank Accession No. U39826) and Icelandiconly rare positive cells (data not shown). The experiment
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FIG. 2. Viral growth curves demonstrating differential growth of 93 virus (— h —), 155 virus (— j —), 1514 virus (- - l - -), 1772 virus
(- - L - -), and mock inoculated ( — n —) on endothelial cells cultured from brain (A), adipose (B), lung (C), and aorta (D).
(1514, GenBank Accession No. M18039) viruses. There CAEV than to the Icelandic OvLV (Karr et al., 1996;
Chebloune et al., 1996), we found only 56% homologywere only 3-base pair (bp) changes between 93 and 155
virus (98.5% homology). There was 87.5% homology be- between the LTR of 93 virus and CAEV (GenBank Acces-
sion No. M33677).tween 93 virus and the OvLV isolated from a New York
sheep (CU1-OvLV). The LTR sequences of the two Icelan-
dic viruses (1514 and 1772) were identical. However, the Transmission electron microscopy
American (93) and the Icelandic (1514/1772) strains were
only 72% homologous, with most of the differences within Ultrastructural examination was performed on the
brain EC that demonstrated productive replication (thosethe R region (58% homology). Three changes occurred
within the AP-1 sites; however, the resulting sequences infected with 93 and 155 virus). Control uninfected EC
demonstrated ultrastructural features specific for the tis-are still recognized AP-1 binding sites (Gabuzda et al.,
1989; Sellers et al., 1990). There were only 7-bp changes sue of origin, i.e., extensive tight junctions in brain capil-
lary EC (Fig. 5A) and not in EC from other tissues. Therebetween the previously published sequence for 1514 and
the sequence of the 1514 and 1772 viruses used in our was a striking loss of tight junctions in the infected EC,
even at time points before and after maximal virus bud-laboratory. Although the sequence of the American OvLV
env gene has been shown to be more homologous to ding (Fig. 5B). Virus budding occurred almost exclusively
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FIG. 3. Amplification of a 280-bp fragment of the OvLV LTR from inoculated endothelial cells cultured from brain, adipose, lung, and aorta. The
mock-inoculated endothelial cells showed no product (1-kb marker in end lanes, 1.5% agarose gel stained with ethidium bromide).
at the cell membrane with polarization of virus to the complexes is unlikely to be a nonspecific in vitro re-
sponse to infection with OvLV, since SCP cells show anends of cytoplasmic processes (Fig. 5C). Mature viral
particles accumulated between the basal side of the cell increase in cell–cell adhesion when infected with OvLV
(Pautrat et al., 1980). The loss of tight junctions could bemonolayer and the membrane substrate (Fig. 5D). This
is in contrast to OvLV- or HIV-infected macrophages in due to the propensity of the virus to bud at the ends
of cytoplasmic processes and at the site of cell–cellwhich the majority of viral particles bud into and accumu-
late within cytoplasmic vesicles (Lee et al., 1996; Meyen- junctions. This is similar to the polarized viral budding
seen in HIV-infected epithelial cells (Lodge et al., 1994),hofer et al., 1987; Naito et al., 1989).
Occasionally, viruses could be seen budding from cell lymphocytes (Pearce-Pratt et al., 1994), and macro-
phages (Perotti et al., 1996). The accumulation of microfil-membranes in areas of cell–cell contact (Fig. 5E). Large
number of microfilaments were concentrated within the aments (actin) in cell processes bearing budding virions
has also been reported in HIV-infected macrophagescytoplasm of cell processes that bore budding viruses
(Figs. 5C and 5E). Another interesting feature of the virus- (Perotti et al., 1996; Cudmore et al., 1997), indicating that
OvLV and HIV may use a similar actin-associated mecha-infected EC was the intracytoplasmic accumulation of
concentric c-shaped formations resembling immature vi- nism to direct polarized viral budding.
Other enveloped RNA viruses, such as vesicular sto-ral cores (Fig. 5F). These have been described previously
in sheep testis cells (Harter, 1976; Takemoto et al., 1971), matitis virus (VSV) and Sendai virus, bud asymmetrically
from cultured endothelial cells, concentrating at the basalembryonic ovine lung cells (Narayan et al., 1977), and
macrophages (Lee et al., 1996) infected with OvLV in (VSV) or apical (Sendai) surfaces. (Lombardi et al., 1985).
It is thought that the synthesis, modification, and trans-vitro. Although similar in shape, they are much smaller
(80–100 nm) than the cylindrical confronting cisternae
(CCC) seen in brain capillary EC of HIV patients (Lee et
al., 1988; Orenstein, 1992).
DISCUSSION
These data show that two American OvLV isolates, 93
and 155, replicate efficiently in brain endothelial cells
resulting in a loss of tight junctions. Since tight junctions
are the basis of the blood –brain barrier (BBB) (Goldstein
and Betz, 1986; Clough, 1991), a similar event in vivo
may contribute to the BBB changes seen in lentivirus
encephalitis of other species. It has been suggested that
changes in the BBB could explain the severity of demen-
tia (Petito and Cash, 1992; Power et al., 1993) in the 30
to 50% of HIV patients without significant histological
lesions (Navia et al., 1986; Glass et al., 1993). BBB
FIG. 4. Comparison of the sequences of a 200-bp piece of the LTRchanges have also been reported in cats soon after infec-
of the four viruses used in this study, 93 virus (GenBank Accession
tion with FIV (Podell et al., 1995) and feline brain capillary No. AF000601), 155 virus (AF000602), 1514 and 1772 viruses (identical
endothelial cells have been shown to support replication sequences), to the previously published sequences of American (CU1-
OvLV, U39826) and Icelandic (1514, M18039) viruses.of FIV in vitro (Steffan et al., 1994). The loss of junctional
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FIG. 5. Electron micrographs of brain capillary endothelial cells demonstrating tight junctions (black arrow) in mock-inoculated brain endothelial
cells (A) (18000), lack of tight junctions and increased pinocytotic vesicles (white arrow) in OvLV-inoculated brain endothelial cells (B) (93 virus,
day 10 pi, 18000), polarized budding of viral particles from the end of a cytoplasmic process with both mature (open arrow) and immature (closed
arrow) viral particles (C) (155 virus, day 22 pi, 115,000, accumulation of mature virions below the monolayer and virus budding from a microvillus
(D) (155 virus, day 22 pi, 120,000), viral budding between adjacent cells (arrow) and numerous microfilaments (m) within the cytoplasm (E) (93
virus, day 22 pi, 115,000), concentric accumulations of intracytoplasmic viral cores (arrow) (F) (155 virus, day 22 pi, 115,000).
port of viral proteins use the same cellular pathways as synthesis and transport of viral glycoproteins to cell–
cell junctions results in inhibition of the transport andhealthy cells use to assemble cell membrane proteins
(Lodish et al., 1981; Roth et al., 1983). The loss of tight assembly of the proteins required for tight junction forma-
tion. Other viruses have also been shown to have a dele-junctions and polarized viral budding suggest that the
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terious effect on tight junctions and the BBB (Chaturvedi breed of interest. Brain endothelial cells supported repli-
cation of the American and not the Icelandic isolates. Inet al., 1991; Pitts et al., 1987; Park et al., 1993). Cytomega-
lovirus infection of polarized human retinal pigment epi- contrast, the aortic endothelial cells supported replica-
tion of the Icelandic and not the American isolates. Thisthelial cells results in disassembly of the zonula oc-
cludens (ZO) protein and subsequent breakdown of tight is further evidence that endothelial cells isolated from
large and small vessels of various organs have uniquejunctions in vitro (Pereira et al., 1995).
HIV and SIV have been shown to replicate in vitro in characteristics (Beilke, 1989; Page et al., 1992; Gerritsen,
1987). Care should be taken extrapolating data from largehuman and macaque brain capillary endothelial cells (Mo-
ses et al., 1993; Mankowski et al., 1994), but not in macro- vessel endothelial cells to brain endothelial cells (Maciag
et al., 1981; Kumar et al., 1987; Male et al., 1990).vascular endothelial cells (Lafon et al., 1992). These findings
are similar those of the two American OvLV in this study.
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